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Abstract
The well-known AD type, described ﬁrst by Giraud in 1988, is considered as a competitor 
in black trufﬂe (Tuber melanosporum Vittad.) plantations. It has been mainly observed in T. 
melanosporum and T. magnatum Pico plantations in France and Italy. This ectomycorrhiza 
has always been observed on roots of oak (Quercus ilex L. and Q. faginea Lam.) and hazelnut 
(Corylus avellana L.) plantations with “burnt” areas around the trees, even in those that do not 
produce black trufﬂe sporocarps, so it can create false expectations in young plantations. The 
AD type has also been described in nurseries, as a competitive ectomycorrhiza on seedlings 
inoculated with black trufﬂe. In Spain, AD type has been detected in black trufﬂe plantations 
and natural holm oak stands in Navarra, Soria, Huesca, Zaragoza, Teruel, Castellón and 
Valencia. In 2005, De Román & De Miguel, suggested that AD type could be a telephoroid 
type due to its anatomical and morphological characters. In 2006, Baciarelli-Falini et al. using 
molecular techniques identiﬁed this type as an Ascomycotina belonging to Pezizales. The 
detailed anatomical, morphological and molecular study of the AD type led to a description 
as Quercirhiza quadratum (Águeda et al. 2008). Based on the anatomical and morphological 
characters, the AD type belongs to the Ascomycotina. The presence of Woronin bodies on 
hyphal septa, and the sometimes slightly dissolved septa, are two typical characters of this 
group. The DNA sequences obtained from the AD types studied showed close similarities 
with members of Pyronemataceae and Sarcosomataceae (Pezizales). Both taxonomic groups 
correspond to the same AD type as found by Baciarelli Falini et al., (2006). One of the studied 
sequences showed a close identity (100% maximum identity, 84% coverage) with Trichophaea 
woolhopeia (Cooke & W. Phillips) Arnould, although records of this fungal species are scarce 
in the Iberian Peninsula.
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Introduction
The well-known AD type, described ﬁrst by Giraud in 1988, is considered as a competitor 
in black trufﬂe (Tuber melanosporum Vittad.) plantations. It has been mainly observed in T. 
melanosporum and T. magnatum Pico plantations in France and Italy. This ectomycorrhiza 
has always been observed on roots of oak (Quercus ilex L. and Q. faginea Lam.) and hazelnut 
(Corylus avellana L.) plantations with “burnt” areas around the trees, even in those that do not 
produce black trufﬂe sporocarps, so it can create false expectations in young plantations. The 
AD type has also been described in nurseries, as a competitive ectomycorrhiza on seedlings 
inoculated with black trufﬂe. In Spain, AD type has been detected in black trufﬂe plantations 
and natural holm oak stands in Navarra, Soria, Huesca, Zaragoza, Teruel, Castellón and 
Valencia.
The aim of this work is to give the complete description of this ectomycorrhiza in order to put 
some light in its identity.
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Material and methods
Following Agerer & Rambold (2004-2008) methods, ectomycorrhizae from ﬁve different 
locations in Spain were characterized and described. Reference specimen for Quercus 
ectomycorrhizae: Spain, Castilla y León, Prov. Soria, La Quiñonería, coord.: 41° 34’ 36.11” N, 
2° 3’ 13.68” W; 06.10.2000; ecology: Quercus ilex stands with Tuber melanosporum production; 
soil core and myc. isol.: B. Águeda, herb. Departamento de Investigación y Experiencias 
Forestales de Valonsadero (JCyL), VALONSADERO – MYCORRHIZA 050 (in Soria, Spain). 
- Further material studied: Spain, Navarra, Oloriz, coord.: 30TXN12 (special coordinates of 
University); 02.04.2008; ecology: Q. faginea and Q. ilex subsp. ballota stands; soil core and 
myc. isol.: A.M. de Miguel, herb. Universidad de Navarra, PAMP-Mycorrhiza 200 (in Pamplona, 
Spain). - Spain, Aragón, Prov. Teruel, UTM coord.: 30T 0691507/4444998; 18.03.08; Q. ilex 
seedling from a nursery, inoculated with Tuber melanosporum; myc. isol.: A.M. de Miguel, 
herb. Universidad de Navarra, PAMP-Mycorrhiza 203 (in Pamplona, Spain). Ectomycorrhizae 
used for molecular analyses: Spain, Navarra, Oloriz, coord: 30TXN12; 15.06.2006; ecology: Q. 
faginea stand; soil core and myc. isol.: A.M. de Miguel, herb. Universidad de Navarra PAMP-
Mycorrhiza 150 (in Pamplona, Spain), GenBank accession number: EU822505. - Spain, 
Navarra, Ollogoyen, coord: 30TWN72; 6.11.2007; ecology: Q. ilex subsp. ballota stands; soil 
core and myc. isol.: A.M. de Miguel, herb. Universidad de Navarra PAMP-Mycorrhiza 201 and 
PAMP-Mycorrhiza 202 (in Pamplona, Spain), GenBank accession numbers: EU822506 and 
EU822507, respectively.
Molecular characterization of different mycorrhiza samples was carried out by sequencing 
fragments of the nuclear ribosomal DNA region. DNA extraction was performed with 
the PowerSoil™ DNA Isolation Kit (MoBio Laboratories, Carlsbad, CA)  according 
to the manufacturer’s instructions. Ampliﬁcations of ITS rDNA sequences were 
carried out with an Applied Biosystems 9700 PCR thermocycler using the primers 
ITS1F (5’-TCCGTAGGTGAACCTGCGG-3’) (Gardes & Bruns, 1993) and ITS4 (5’-
TCCTCCGCTTATTGATATGC- 3’) (White et al., 1990). Nucleotide sequences of the ampliﬁed 
region were obtained with a Applied Biosystems 3730 DNA analyzer and registered in the 
NCBI GenBank database with the following accession numbers: EU822505, EU822506 and 
EU822507. Fungal identiﬁcation was carried out by searching highly similar sequences in the 
GenBank and Unite databases. 
Results
Short description of the ectomycorrhizae
This brown ectomycorrhiza is well characterized by its rectangularly ramiﬁed emanating hyphae 
and by a two-layered pseudoparenchymatous mantle, the outer one is covered by mounds of 
mostly globose cells, which are lacking on the very tip. Emanating hyphae straight close to 
the mantle, continuing in rather irregularly shaped branches with thick (often unevenly) cell 
walls, smooth or patchily covered by distinct warts, without clamps. Ends of emanating hyphae 
simple, ramiﬁed or tortuous, even screw-like, sometimes forming almost ball-like structures, 
always thin walled. Septa accompanied by Woronin bodies and, sometimes, slightly dissolved. 
Rhizomorphs and cystidia absent.
A complete description of Quercirhiza quadratum can be found in Águeda et al., (2008).
Molecular characterization
The sequence EU822505 showed 100% identity with DQ402507 (84% query coverage) 
identiﬁed as a member of Pyronemataceae (Baciarelli-Falini et al., 2006). The sequences 
EU822506 and EU822507 showed 87 and 89% maximum identity with DQ402506 (97 and 
87% query coverage, respectively) identiﬁed as a member of Sarcosomataceae (Baciarelli 
Falini et al., 2006).
Discussion
“Quercirhiza quadratum” can easily be distinguished from similar ectomycorrhizae. Most 
distinctive are the predominantly rectangularly branched, clampless emanating hyphae, 
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Woronin bodies associated septa, and a pseudoparenchymatous mantle with angular cells 
that is covered by mounds of globose cells. From the similar Genea ectomycorrhizae they 
differ in the presence of heaps of cells, whereas in Genea only solitary cells occur on the 
mantle surface, and Genea forms in addition only a few emanating scarcely ramiﬁed hyphae 
(Agerer, 2006; Brand, 1991a, b; Jakucs & Bratek, 1998; Jakucs et al., 1998). Tomentella 
ectomycorrhizae with similar mantle types have either cystidia, and/or clamps, lack Woronin 
bodies and show differently ramiﬁed emanating hyphae (Agerer, 2006; Agerer & Rambold, 
2004-2008). Some Tuber ectomycorrhizae also present mantles with angular cells, but typical 
awl-shaped cystidia are usually and emanating hyphae, when present, are smooth (Agerer, 
2006; Agerer & Rambold, 2004-2008).
“Quercirhiza quadratum” belongs to the well-known AD type, described ﬁrst by Giraud (1988), 
who chose the name, “angle droit” in French language, referring to the abundant rectangular 
ramiﬁcation of its emanating hyphae. This ectomycorrhiza is considered as competitor in 
black trufﬂe (Tuber melanosporum Vittad.) plantations and it had been observed mainly in 
France (Giraud, 1988; Sourzat et al., 1993; Sourzat, 1994; Verlhac et al., 1990), and also 
in Italy in T. melanosporum and in T. magnatum Pico plantations (Bencivenga et al. 1992, 
Bencivenga et al., 1995; Granetti & Baciarelli Falini, 1997; Baciarelli Falini & Granetti, 1998). 
This ectomycorrhiza has always been observed on oak roots (Q. ilex, Q. faginea Lam.) and 
hazelnuts (Corylus avellana L.) that always showed “burnt-areas” around trees. The AD type 
has also been described in nurseries, as a fearsome competitive ectomycorrhiza on seedlings 
inoculated with black trufﬂe (Bencivenga et al., 1995; Di Massimo et al., 1996).
In Spain, there are proofs of its presence in black trufﬂe plantations in Navarra, Soria, Huesca, 
Zaragoza, Teruel, Castellón and Valencia. In fact, “Q. quadratum” was one of the ﬁrst types 
identiﬁed as ectomycorrhizal competitor in black trufﬂe plantations established in Navarra (De 
Miguel & Sáez, 1997, 2005; Etayo & De Miguel, 1998), and also in Soria (Águeda et al., 2001) 
and in Castellón (Domínguez-Núñez et al., 2005). De Román & De Miguel (2005), reported 
this type for the ﬁrst time in natural holmoak (Quercus ilex) stands, suggesting that it was a 
telephoroid type due to its anatomical and morphological characters.
In 2006, Baciarelli Falini et al., using molecular techniques to characterize the ectomycorrhizae 
of a black trufﬂe plantation, identiﬁed their samples Ecm7 and Ecm8 (both showing AD 
morphotype) both as Ascomycotina belonging to Sarcosomataceae and Pyronemataceae 
(Pezizales), respectively. Similarly, the molecular analyses performed with “Q. quadratum” 
in the present study showed a maximum identity with both fungal families. However, our 
sequence EU822505 showed also a close identity (100% maximum identity, 84% coverage) 
with Trichophaea woolhopeia (Cooke & W. Phillips) Arnould, Pezizales, Pyronemataceae 
(GenBank sequence DQ200835). As there are only ﬁve records of T. woolhopeia in Iberian 
Peninsula, very scattered and no one in productive black trufﬂes areas (Pando, 2000), it 
could not be concluded that “Quercirhiza quadratum” belongs to this species. Moreover, three 
additional species of Trichophaea are reported for Spain (s. below).
The members of Pezizales are a considerable proportion of the ectomycorrhizal symbionts 
in mature boreal deciduous and coniferous forests (Tedersoo et al., 2006), with the potential 
to rapidly recolonize the site after a disturbance. This could be transferable to Mediterranean 
stands but there are few records of pezizalean taxa due to the fact that this fungi produce 
inconspicuous or hypogeous sporocarps that are easily overlooked unless speciﬁcally searched 
for. Molecular techniques could help to increase the knowledge of the role of these group of 
fungi under different environmental situations.
Ectomycorrhizae of the Pyronemataceae are, in general hydrophylic, of the contact or short-
distance exploration type with few rough and clampless emanating hyphae (Agerer, 2006). 
There are only ﬁve ectomycorrhizal genera of the Pyronemataceae known until now: Genea, 
Humaria, Sphaerosporella, Tricharina and Trichophaea. The hypogeous genus Genea is the 
only member of this family known today to form pseudoparenchymatous mantles with globular 
cells on the surface (Agerer, 2006). Humaria ectomycorrhizae have also angular outer mantle 
layers, but epidermoid inner mantle layers and warted, thick-walled emanating hyphae (Erős-
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Honti et al., 2008), although all mantle layers of H. hemisphaerica are plectenchymatous 
according to Ingleby et al., (1990). Sphaerosporella brunnea ectomycorrhizae have densely 
packed plectenchymatous mantles with infrequent emanating hyphae (Danielson, 1984; 
Meotto & Carraturo, 1988). Tricharina ectomycorrhizae have plectenchymatous mantles and 
also infrequent emanating hyphae (Ingleby et al., 1990). Trichophaea ectomycorrhizae form 
pseudoparenchymatous outer mantle layers, but plectenchymatous to pseudoparenchymatous 
inner mantle layers, with infrequent emanating hyphae (Tedersoo et al., 2006). According 
to the molecular analysis, the sequence EU822505 would be closely related to the genus 
Trichophaea. On the other hand, no signiﬁcant coincidences in the ITS sequences were found 
with the Humaria and Genea ectomycorrhiza characterized by Erős-Honti et al. (2008).
In the Iberian Peninsula there are nine records for Genea: G. fragans (Wallr.) Paoletti, G. 
hispidula Berk., G. klotzschii Berk. & Broome, G. pulchra Corda, G. sphaerica Tul. & C. Tul., 
G. subbaetica Moreno-Arroyo, Gómez & Calonge, G. thaxterii Gilkey, G. vagans Mattir. and 
G. verrucosa Vittad., ﬁve records for Humaria: H. coccinea (Fr.) Quélet, H. hemisphaerica 
(F.H. Wigg.: Fr.) Fuckel, H. melaloma Karsten, H. sabranskyana Bäuml., H. superans Bond., 
one for Sphaerosporella: S. brunnea (Alb. & Schwein.) Svrček & Kubička, three for Tricharina: 
T. ﬁbrillosa (Currey) Yang & Korf, T. gilva (Bond. ex Cooke) Eckblad, and T. praecox (Karst.) 
Dennis, and four for Trichophaea: T. gregaria (Rhem.) Bond., T. hemisphaerioides (Mouton) 
Graddon, T. paraphysinscrustata Donadini, Torre & Calonge and T. woolhopeia (Pando, 
2000).
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